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Xanthan Gum - The Natural Water 
for Cosmetic and Personal Care Products 



Water-9okjbl0 polymers are often found In personal 
care products to stabilis emulsiona end suspen- 
skxis as well modifying their rhedogy for sensory or 
textural effects. Products frequently encountered 
Include synthetic polymers, such as the cact^mer 
sertes, and the extensive range of ceflutose deriva- 
tives. These products are often essentlel for the 
successful performarwe of personal care products. 
However, many other polymers are used and play 
the same essential role. One such example [s . 
xanthan gum, the subject of this paper. 

Xanthan gum is an exoceNular polysaccharide 
produced by the bactertt^XaDlbcmma^aah 
pfisiEbi. tt is elaborated at the cefl wan surface 
durlr»g the natural We-cycle of tt>e microorgantsm. 
The gun encapsulates the cell and Is also seaeted 
Into or onto the sumoundlng medium, fn nature the 
bacteria are found on the leaves of ficaaak^vege- 
tables - the cabbage plant being a favourite host. 
The gum Is produced to aid the survival of the or- 
ganism. It helps ft to adhere to the leaf from which 
It gains sustenance* It protects it agahst dehycb'a- 
tlon^lnfection and damage from tenf>perature 
fluctuations and It prevents tt from being washed 
awa!y. It la for many of these feasors that xanthan 
gum has been exploited as a mutttfirkctlonat Ingre- 
dient In food products* 

Xanthan gum Is a natural CTFA approved additive 
as well as an accepted food additive (E415.). with 
the safest class/flcatton of ADI (Acceptable Dally 
Intake) "unspecified". 



Xanthan gum Is produced conmercially In a pure 
culture aerobic submerged fermentation process. 
The;bacterla are cultued in a welhaerated medium 
containing glucose, a nitrogen source and various 
trace elements. To provide seed for the final 
ferrnentatlon stage tfie process ts done In several 
stages. When the fermentation has finished the 
broth Is pasteurlsedto kill the bacteria and the gum 
Is reicovered by precipitation with isopropyi alcohol. 
The rmal stages Involve drying, mllling and packag- 
ing. 

Many quality control rneasurements are made at all 
stages of the productton process to ensure that a 
consistent high quality product Is always produced. 

The production of xanthan gum is a classical 
example of the application of biotechnology on a 
large scale coupled with the ability to handle 
viscous materials. 



P«ffnM«it«tlon Proem* BomIIU 

There are a number of advantages that ar^ d^ectly 
derived from the use of a fermentation process. 

The raw matenals used in the production process 
are all readily available and the controlled nature of 
the fermentation process ensures that there 1$ no 
dependence on ctlmatk: or other seasonal factors 
as fs the case with seaweed and plantdertved 
gums. 

Finally* the fermentation process, with Its associated 
quality control, ensures lhat a high quality product 
is always made to the same speclfk:ation. 



tCniotim of Xantfwn 



Xanthan gum is a high motecuiar welgttt polymer 
reported to have a molecular weight ranging from 2 
to 50 million daitons. The pdynner Is composed of 
a ffve-sugar residue repeat unit. The backbone is 
composed of polymeHc glucose units. tfHJS It Is 
chenDteally iden^l to cellulose. The diffeifence 
between xanthan gum and ceRulose. howler, lies 
in the skJe chains. These units, which occur on 
average in every second unit in the t)ackt)bnei are 
made up of an unbranched trfsaccharide unit: a 
noThtermtnaf marviose, a glucuronic acid and a 
termhal mannose residue* Abouthalf of the termi- 
nal mannose residues carry a pyruvic acid residue 
ketalk:aliy linked to the 4- end 6- positions. The 
norHerminal mannose unit in each side chain 
contains an acetyl group at position 6. 



The Structure Of 
Xanthan Gum 
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In solutton the side chains wrap around the back- 
t)one thereby protecting the labile Bi-4 nnkages 
from attack, indeed, it Is thought that this protec- 
tion is responsible for the great stability of the gum 
under adverse conditions. 
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Xanthan Gum 

View Down Helix Axis 



A view of the motecular conformation shows how the 
side chains compietety cover and protect the 
cellulose backtx)ne. In addition, the unvarying 
chemical structure provides the gum with Its out- 
standhig untfomi chemical and physical properties. 

FHYSWAL niOPBIITIBS 

The unique molecular structure of xanthan gum Is 
responsible for Its interestlrtg and useful properties. 

Xanthan gum hydrates rapidly hto cold or hot 
water, to fbrni solutions which have a tendency 
towards tntermolecular chain association reciting In 
the formation of a complex network of entangled 
molecules. This state ts referred to as the long 
range order" , When energy In the form of heat or 
shear Is appRed to the system these weakly bound 
aggregates are progressively disrupted resulting In 
a less ord^ed structure referred to as a local 
order". As the amount of energy Is Increased even 
further all Irrtennotecular association Is lost. At this 
stage the solution Is composed of random seg- 
ments. These changes iiave been monitored by 
optical rotatton whfch Indicates that a conforma- 
tional change Is taking place. In practise these 
changes are seen as a decrease In solution viscos- 
ity. 



regenerated. This Is manifest by an Increase In 
solution viscosity. 

nh* lofy 

aX^tttah are viscous even when the 

X^i^rPltigf 1^ level. At tow use levels the 
viscosity Increases llneerty wfth mcreaing concerv 
traUon; gtt hjgh gr concentraH ^" ^ ^'^^tity " '"^ 
plateaus gut iTKiksaimgastr^ . 
water. " " ^ 

Xanthan gum soluttons exhibit pseudoplastk; ftaw 
properties. This ts characterised by a decrease h 
apparent vtscoslty h response to en increase In 
shearrate* In contrast Newtonian fluids show a 
constant vtscoslty which is independent of the shear 
rate. A good example of a Newtonian fkjkJ Is water 
which shows no tendency to thin down during mix- 
ing operatlor^s. 



Solution Properties 

Cgnform«llofMl onf«rtn9 In xanthan gum 



Uong rang a ofdaf 



Local ofdar 




Enargjr 



Random la^nt^l 



Rg3 



TDe pseudoplastk; or shear-thlnning behaviour of 
xanthan gum solutions Is obvious when compared 
to solutions of other natural water soluble polymers 
such as guar gum and sodium algviate (Ffg 4). As 
the shear rate is increased the apparent viscosity of 
the xanthan gum soKitlon Is seen to drop. In prac- 
tise this means that solutions of xanthan gum are 
easier to pomp, spray, mix and homogenise than 
solutions of the other gums. 

At low rates of shear xanthan gum solutions exhibit 
very high viscosities comp^ed to other gunrw at 
typical iTKise concentrations. 




Figure 5 illustrates the relationship between viscos- 
ity and shear rate for xanthan gum over a shear-rate 
range between 0.01 and 10,000 reciprocal seconds. 

Due to the uniform relationship between shear rate 
and apparent viscosity the suspending ability of 
xanthan gum is predictable and untform over a wide 
range of conditions and concentrations". 



VVhen the applied energy Is reduced or removed, or 
as the solution is cooled, the network structure is 
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In addition there tsnda to be llttte^iysleresls. TTie 
recovery of viscosity when shear (s removed )3 
almost [nstarrtaneous. 

^ ^iMlBd^MhvstefesIs (also refemsd to a thbcotropy) 
le pafl<nJlary ft^^ in ma^itakihg stabntty of 
emulsions and suspensions after mbdng. 

Sofutigis of xanthanoum appear afrTiostQelli<e at 
real. This is owing to the viscoelastlc rheotogy 
T^ukUng from long range confbmi^tlonal ordering. 

r 

The elastic Ifemtt of xanthan gum soMfons Is suffi- 
cient to stabWse suspensions and emulsions, but is 
lower than that of synthetic products and as such 
has a less obvious gef^character. ~' 



COMFATUILITY AND tTABIUTY 
Salt ttaMltty 

Xanthan gum sdutfons are compattole and stable in 
the presence of many salts, in a number of cases. 
compaUbHity Is limited only by the solubHIty of the 
sail itself. 

Whilst xanthan gum Is compatible with high levels of 
salts. It is always advisable to hydrate the gum 
directly into water before addition of the salt (Rg 6). 



The pseudoplasticity and viscoelastlcity of xanthan 
gum m solution make It an excellent stablRser of 
cosmetic lotions and creams consisting of oil-in* 
water emulsions. Stability of tfie emulsion Is 
achieved by the high apparertt viscosity or get like 
nature of the aqueous phase preventing coafes* 
cence and separation of the dispersed oH phase. 
Even under modest agitation, for example that 
encountered when a formulated product is trans- 
ported, stability is maintained owing to the high 
elastic modulus of xanthan gum solutions. It must 
be stressed, that while coalescence fs prevented, 
xanthan gum does not have surface active proper- 
ties so an emulsifler is needed. However, the pre- 
vention of droplet-droplet collisions caused by the 
high apparent viscosity reduces the level of emulsi- 
fler needed. An attractive feature of xanthan gum Is 
that wt^ile stability Is maintained, emulsions stiii 
have acceptable flow and handle characteristics 
owing to the lowered viscosity wf>en shear is ap- 
plied. 

The stabilisation of suspensions with xanthan gum is 
achieved In the same way as emulsions, in this 
case, the discontinuous phase is a solid material 
with a tendency to settle. 



Effect of Salt on Solution Viscosity 

0.1%r 0J!5%r and 0.6% Xwittm QUim SoMlont 



0150% 



0.tf% 



0.10% 



F»96 

An interesting effect Is seen with detonlsed water 
however, when a monovalent saR such as so*im 
chloride Is added. At or befow 0.25% xanthan gum 
concentration the salt causes an mitteJ decrease h 
viscosity. At higher concentrations, viscosity In- 
creases with added salt. At a monovalent salt level 
of 0.1 the viscosity plateau is reached for all gum 
concentrations, and further addition of salt has no 
effect on viscosity. These effects are due to ionic 
interaction between the anionic xanthan gum poly- 
mer and cations such as sodium Ions. Tfjus a m^i- 
mal level of electrolyte Is necessary to stabilise the 
viscosity of xanthan gum solutions. 

Typical process waters often contain at l4ast 0.1% 
electrolyte and so no problems are anticipated with 
variable viscosity, although care must be exercised 
with deionised water. This salt stability Is useful as It 
ensures uniformity rn production mns where subtle 
venations in electrolyte level nnay impact on other 
thickeners- 
Effect of Tempcrsttuf% en VIeooslty 

Rgure 7 shows the viscosity of xanthan gum solu- 
tions containing a small amount of electrolyte Is only 
moderately affected by temperatures in the range 
from 0 to about 60,C. Thus the siabiRslng Influence 
contributed by xan^an gum will remain unchanged 
over a broad range of thermal conditions. Above 
the transition temperature of approximately 50- 
60.C, The viscosity drops sharply. The presence of 
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Viscosity V8 T«mporature 



0.25% XtntMM gum •ottt 



I wih 0.5% N«Cl 



TMok 



Effect of pH on Xanthan Gum Solutions 



Aleohol 

While xanthan gum will not disso^e directly into 
alcohol, solutions of xanthan gum are compatible 
withalcohd. Products contafriing alcohol may be 
formulated, to contain up to 60% watermfeclble 
solvents such as ethanoi. 



twaie 



Xanthan gum is compatlbte with most wrier sofcJbie 
polymers and mineral thiclceners, both syj^thetic and 
natu'ai. and co) offer some benef lole! textural 
changes. 

Il#«otloii» 

WhUe having excellent chemical compatiWIIiy and 
stabllfty, being a natural product, xanthan gum does 
exhibit some reactions that need to be taken ac- 
count of (Rg 9), 



salt Improves the thermal stabiity and ensures that 
the majority of the viscosity returns when the sokh 
tkxi Is cooled even after heating to retoft tempera- 
tures. 

The loss of vteowity when the transWon temperature 
is exceeded explains the importance of xanthan 
gum mthemwJIy processed products, where the 
low viscosity achieved ed high temperature Im- 
proves heat transfer, and can, In some situations 
result m reduced process tmnes. 

EfffMt «i pH on VIsooeMy 

Xamhoi gun Is extremely stable over a wide pH 
range(Flg8). Rom pH2 to 12 there Is iRtte change 
mviscosfty. Outside these values there Is son>e 
viscosity decrease. The stability Is utlHsed in many 
food systems. v\d may offer processing benefits in 
personal care products. 



Xanthan gum reactions 

Trivalent metal Ions 

Oxidizing agents 
Oationic surfactants i 



Rg9 



Xanthan gum Is a natural, high viscosity, water 
sdlubie poiyrner. It hydrates directfy Irrto hot or cold 
water to fomn viscous solutions with pseudoptastte 
rheology. These properties enable it to act as a 
steijiliser of rnany suspensions and emulsions with 
easy Wi^dHhg during processing and application. 

The temperature stalMRty of xanthan gum ensures 
uniform performance in all corxiWons and lends 
itself to any processing equipment 

The superior cf>emlcal compatibility and stability 
enable it to function effectively In a wide range of 
products and tolerate formulation changes. 

Typical AppOoaUora 

Examples of the range of application wfiich benefit 
from the physical and chemical properties of xan- 
than gum are detailed below. j 



Application 

Uotfons 
Shampoos 

Tootlnpaste 
Susp«n9lon 
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